This paper studies the impact of deep agreements on United Kingdom-European Union trade relations. A standard gravity model is applied to assess the effect that European Union membership had on the United Kingdom's trade. The paper uses new information on the content of trade agreements to build a measure of "depth" based on the number of provisions the agreements cover. The analysis relies on information on goods, services, and value-added trade from the World Input Output Database. Deep trade agreements are found to increase goods and services trade by 42 percent, and value-added trade by 14 percent on average. European Union membership had a particularly strong effect on United Kingdom's services and global value chain trade. Because of its membership, the United Kingdom's services trade more than doubled, and the country's backward and forward participation in global value chains increased by more than 30 percent each. The paper uses these estimates to evaluate the future of United Kingdom-European Union trade under different scenarios. The findings show that United Kingdom-European Union trade declines under all scenarios, ranging between 6 and 28 percent for trade in value added. This drop is sharper (particularly for services and global value chain trade) the lower is the depth of the future arrangement relative to the depth of the European Union agreement. As trade flows adjust slowly to changes in trade costs, these effects are expected to emerge over time. But the trade-off between the depth of trade agreements and trade intensity will delimit policy choices going forward.
Introduction
What is the impact of undoing trade agreements on trade? In this paper, we try to address this question by focusing on the effect that EU membership had on trade of the UK, most notably with its European partners, and then use this information to assess the future of UK-EU trade under different scenarios. While the EU is a complex institution, the outcome of a (still ongoing) project of economic and political integration which had its founding moment with the Schumann Declaration in the aftermath of World War II, in this paper we see it through the lenses of trade agreements. This allows us to anchor the analysis of Brexit, the exit of the United Kingdom (UK) from the European Union (EU), to a wellestablished economic literature that studies the trade impact of Preferential Trade Agreements (PTAs).
The landscape of trade and trade agreements has radically changed in the last 25 years. First, we have seen a surge in the number of preferential arrangements: in 1990, only 51 PTAs were in force, while there were 279 agreements in force and notified to the WTO in 2015. In addition, modern PTAs are increasingly "deeper" in the sense that they cover many regulatory issues and policy areas that go beyond tariff reduction, such as services, investment, competition and intellectual property rights protection. 3 The nature of trade has also dramatically changed since the early 1990s, particularly as a result of the growing internationalization of production and the rise of Global Value Chains (GVCs). Deep provisions in PTAs may potentially influence trade relations among members either directly, as services commitments, or indirectly, as investment and competition provisions may make it easier to operate production activities that span multiple borders. The letter sent by the Japanese government to the UK and the EU in the aftermath of Brexit, outlining a number of requests by Japanese businesses operating in the UK on the content of a future UK-EU PTA, illustrates the importance of a finer understanding of what Brexit entails, beyond a focus on changes in tariffs and gross goods trade flows. 4 The EU has been a precursor of deep integration. We use new information on the content of trade agreements from the World Bank (Hofmann, Osnago and Ruta, 2016) to build a measure of "depth" based on the number of provisions covered by the agreement. 5 The data indicate that the EU is the deepest PTA among the 279 currently in force. The relationship between the UK and the rest of the EU members before Brexit will actually happen is regulated by the European Community (EC) Treaty and the following enlargement agreements, which cover 44 policy areas ranging from standards to movements of capital, to labor mobility. Europe is also the region that has the largest share of intraregional trade. The UK economy is part of this intense network of trade relations. First, the EU is the most important trade partner of the UK, accounting for 52 percent of the UK's exports of goods and services. Second, the UK is closely integrated in regional value chains. For instance, the share of intermediates value added on total domestic value added in UK exports (the majority of which goes to the EU) is close to 70 percent.
We first investigate the extent to which the depth of the EU contributed to boost trade between the UK and other EU members. We use data from the World Input Output Database (WIOD) on goods, services and value added trade and the World Bank data on the content of deep agreements to estimate a gravity equation augmented with a measure of depth for the period 1995-2011. By interacting the depth of PTAs with dummies identifying the UK, we can quantify the effect of the depth of trade agreements on UK imports and exports of goods, services and value added. Deep trade agreements are found to increase goods and services trade by 42 percent on average. The depth of the UK's trade agreements strongly increased trade in services: as a result of its EU membership and its participation in deep PTAs signed by the EU with third countries, UK services trade more than doubled. Deep PTAs also increased domestic value added in gross exports of the UK. This effect is mainly driven by stronger GVC relationships of the UK with its EU partners: the UK's intermediates value added in gross exports (forward linkages) increased by 31 percent thanks to deep PTAs. In addition, foreign value added in UK exports (backward linkages) was boosted by EU membership by 37 percent. Finally, breaking down the EU into "new" and "founding" members reveals that EU membership has been particularly important to increase UK exports of services directed to the latter.
We then analyze the impact that changes in the UK-EU trade agreement can have on UK-EU trade relations going forward. This is a difficult task, as the only certainty on the future institutional setting is its uncertainty. We address this problem by considering three distinct scenarios, with decreasing depth of the future agreement between the UK and the rest of the EU. The first scenario assumes that the PTA between the UK and the EU will be as deep as the agreement the EU has with Norway. In the second scenario, the UK and the EU will sign a PTA as deep as the average PTA the EU currently has with third countries. Finally, the third scenario has no agreement. We find that bilateral UK-EU trade declines under all scenarios and that this drop is sharper the lower the depth of the future arrangement relative to the depth of the EU agreement. In terms of value added trade, the decline ranges from 6 percent of the "Norway" scenario to 28 percent of no agreement. In all scenarios, the largest declines are for UK services and GVC trade with the rest of the EU. These predictions should be seen as average effects. As it takes time for trade flows to respond to changes in trade costs, we expect the impact in the short-run to be smaller than in the longer term.
Our work is closely related to two strands of economic literature. The first is the large body of literature that investigates the impact of trade agreements on members' trade relations, which has recently been summarized in Limão (2016). As many of these studies, we use a gravity framework to guide our analysis of the trade effects of PTAs. Second, our work also relates to the small and recent literature that focuses on the economic and trade effects of Brexit (e.g. Dinghra et al., 2016 and Kee and Nicita, 2016) . Our paper differs from others in two main respects. First, we employ an explicit new measure of depth based on the content of PTAs. Second, we do not just focus on goods (or total) trade, but assess the impact of UK membership of the EU and its exit on goods, services and value added trade. Our study also relates to the economic literature that aims at assessing the economic effects of European economic and political integration (e.g. Brou and Ruta, 2011, and Campos, Coricelli, Moretti, 2014) . Differently from this literature, we focus on EU trade-related institutions and trade effects.
The rest of the paper is organized as follows. Section 2 presents a number of stylized facts on UK-EU trade agreements and trade relations. The empirical analysis of the impact of trade agreements on UK trade with the EU and other partners is in section 3. The future scenario analysis is presented in Section 4. Concluding remarks follow.
Trade agreements and UK-EU trade
This section presents some key stylized facts on UK-EU trade relations. The first subsection looks at the trade policy regime, while the second one focuses on trade flows.
a. Trade agreements
Part of the current public debate on trade policy presents trade agreements merely as institutions aimed at lowering tariffs among member countries and thus sees the trade effects of undoing trade agreements as the result of changes in preferential market access in goods. Modern trade policy institutions are, however, more complex than this. How have trade agreements evolved? How does the EU compare to other agreements?
A new database by the World Bank (Hofmann et al., 2016) reviews 279 PTAs, offering new insights on the changing nature of trade agreements. The approach followed by Hofmann et al. (2016) for the identification of provisions and their legal enforceability follows closely the seminal paper by Horn et al. (2010) and the World Trade Report 2011 (WTO, 2011) . Horn et al. (2010) identify 52 policy areas included in PTAs signed by the EU and US. They consider a policy area to be legally enforceable if the language is sufficiently precise, implying clear legal obligations, and if the area is not excluded from dispute settlement procedures under the PTA. Using this approach, WTO (2011) constructed a data set mapping the same set of provisions for 100 PTAs in force in 2011 signed by mostly developed countries that contribute to more than 90 percent of world trade. In an effort to include a larger number of developing countries, Hofmann et al. (2016) updated the WTO data set and coded all the remaining agreements notified to the WTO and in force until 2015.
The number of trade agreements and their content changed dramatically since the early 1990s ( Figure  1 ). The number of PTAs in force increased slowly in the 1960s and 1970s and then remained constant until the beginning of the 1990s when a large number of agreements entered into force. The number of PTAs has increased more than fivefold from 51 agreements in 1990 to 279 in 2015. Along with the number, the content of trade agreements has changed. The number of provisions included in PTAs raised over time suggesting an increase in the "depth" of agreements. The majority of PTAs signed after 2003 include at least 10 legally enforceable provisions. That is, modern PTAs are "deep" in the sense that they cover substantially more policy areas than traditional (or "shallow") PTAs that focused mostly on tariff liberalization. Europe has been a precursor of this process. The EC Treaty signed in 1958 and successive enlargement of the European Union already included more than 20 legally enforceable provisions. Thanks to the EU, European countries are among the most integrated countries in terms of number and depth of PTAs. At the end of 2015, EU members were involved in 36 trade agreements. Each EU member has on average more than 25 enforceable provisions with its PTA partners (see Figure 2) . As discussed below, the high average number of provisions in force for EU countries is mainly due to the strong integration inside the EU. 1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 More than 20 Between 10 and 20 Less than 10 Not in force Cumulative Figure 2 : Average depth across countries (2015) The provisions identified by Horn et al. (2010) 
The relationship among EU members is the deepest when we use as a measure of depth the number of legally enforceable provisions. The EC Treaty and the EU enlargements encompass 44 legally enforceable provisions. They include all WTO+ provisions and a large number of WTO-X areas. In addition, the EU is a member of 36 trade agreements with third countries. Some of these PTAs are also very deep. This is the case for the agreements with Moldova, Ukraine and the European Economic Area (EEA), an agreement that includes the EU and all EFTA members except Switzerland. These PTAs respectively include 44, 43 and 36 legally enforceable provisions. All the other PTAs signed by the EU are shallower. Table 2 lists all the provisions in the data set and identifies those included in the EU and the number/share of EU agreements with third countries that include these provisions. 
b. Trade relations
To illustrate the UK-EU trade relations, we use the information available in the World Input-Output Database (WIOD). There are two important advantages in using this data set: i) it covers trade in services at the bilateral level, and ii) it allows the decomposition of gross exports in value added terms. The main limitation of the data set is that it provides data for a restricted number of countries, 40 plus an aggregate for the rest of the world, limited to the 1995-2011 period.
The UK accounts for 3.8 percent of world exports and 3.9 percent of world imports. In 2011, the UK exported $440 billion of goods and it imported $550 billion. 6 In terms of services, the UK exported $260 billion and it imported $163 billion. Table 3 highlights the importance of the EU as the UK's trading partner. Trade in goods with the EU accounts for more than half of the UK's exports and imports. The EU is also an important market destination for UK services, absorbing almost half of UK exports. The importance of the EU as a source of services for the UK is instead much smaller: only one-third of imports of services come from the EU.
While the share of UK exports to the EU remained constant in the period under consideration, the composition of trade changed substantially. In 1995, more than 80 percent of UK exports were goods. This share declined to around 63 percent in 2011. The reshaping of UK exports towards services is even clearer when looking at trade with the EU. The share of exports of services to the EU more than doubled in 16 years, going from 8 to 18 percent of total exports. The pattern for exports outside the EU is similar, but the increase is more moderate. This evidence suggests a "servicification" of UK exports. Germany is both the main destination and source country of goods, accounting for 13 percent of the UK's exports and 15 percent of the UK's imports (see Figure 3) . The other top 4 destination countries in the EU are France, the Netherlands, Ireland and Spain. As to the source of UK imports, the Netherlands, France, Belgium and Italy are in the top 5. Outside the EU, the US is the main destination country, absorbing 12 percent of UK exports, followed by China, Canada, the Russian Federation and Australia. UK imports from outside the EU come mainly from China (8 percent), US, Japan, India and Canada. The main markets for UK services are US, Ireland, Germany, Luxemburg and the Netherlands, all importing more than 5 percent of UK services. Other top destination markets are Canada, China, Belgium, Turkey and Brazil. The most relevant source of services for the UK is the US, representing 29 percent of UK imports. All other sources are much less relevant, being lower than 7 percent. The most important exporting sector for the UK is transport equipment, followed by chemicals and electrical equipment (see Figure 4 ). More than half of transport equipment exports go outside the EU while chemicals are exported mainly to other EU countries. Fuels and machinery complete the list of the top 5 exported goods. Transport and electrical equipment are also the largest imported goods in the UK and more than half of the value comes from other EU countries. are also relatively important for the UK. In terms of services, two sectors stand out as the most important exports: financial intermediation and business services. While roughly half of the value of financial intermediation is provided to the EU, almost two-thirds of the value of business activities is consumed by other EU countries. Renting of machinery and equipment and other business services are the most imported services and more than half of the value comes from non-EU countries. Tourismrelated and financial services are among the top imported sectors, mainly from outside the EU, but in terms of value they account for only about half of the business services sector.
Figure 4: Top traded sectors
We next look at the extent to which the UK economy is integrated in global value chains with the EU and other non-EU partners. In a world of international production networks, gross trade statistics are inflated by the double-counting of goods and services that cross borders multiple times. Wang et al. (2016) offer a decomposition of gross exports based on the work by Koopman et al. (2014 decomposition allows to analyze the extent of GVC integration of an economy. Specifically, gross exports are decomposed into different value added components that distinguish whether the value has been created domestically, abroad or it has been double-counted. Figure 5 gives a graphical representation. The components from 1 to 4 represent the domestic value added content of gross exports. Figure 5: Decomposition of gross exports (Wang et al.,2016) We use this decomposition of WIOD data to explore where the value of UK exports has been created and how the UK is integrated in GVCs. The data suggest that the UK is highly integrated in global value chains. Backward linkages account for 16 percent of gross exports. Forward linkages are even more important for the UK. The share of intermediates value added in total domestic value added of UK exports is almost 70 percent in 2011 ( Figure 6 ). 7 This share increased by 7 percentage points since 1995.
The increase is mainly due to an expansion of the integration of the UK in European GVCs after 2004, as suggested by the increase of the value of intermediates value added exported to other EU members. The UK's integration in GVCs with other countries also slightly increased over time.
7 Almost 80 percent of UK exports are made of domestic value added. A deeper look at the decomposition of value added sheds more light on the structure of GVCs in which the UK is involved. While intermediate value added of UK exports to the EU is similar to that of exports to non-EU countries, the re-exported value added content of exports, a measure of how much intermediates value added are used as inputs to produce exports in other countries, is much higher. This suggests that UK exports to the EU are an important element of EU exports, whereas they are important for domestic consumption in non-EU countries.
Depth of trade agreements and UK-EU trade
This section empirically investigates the extent to which the depth of the EU and of the PTAs the EU has with other countries had an impact on UK trade. The empirical estimation of the trade effect of PTAs is based on a gravity model similar to Mattoo et al. (2016) and Osnago et al. (2016) . Different from the large body of literature on trade agreements (see Head and Mayer, 2014; Limão, 2016) , we explicitly account for the depth of PTAs, exploiting the novel information on the content of trade agreements presented in Section 2. Moreover, we include an interaction term to accommodate heterogeneous effects of deep PTAs for the UK. Specifically, we estimate the following gravity equation:
where ‫݁݀ܽݎܶ‬ ௧ is bilateral exports from country i to country j in year t, ‫‪ℎ‬ݐ݁ܦ‬ ௧ is the number of legally enforceable provisions in the PTA between i and j (normalized between 0 and 1), ‫ܭܷ‬ is a dummy variable equal to 1 if the exporting or importing country is the UK, ߩ ௧ and ߜ ௧ are importer-time and exporter-time fixed effects that account for country-time specific shocks and the multilateral resistance (Anderson and van Wincoop, 2003, 2004) . Finally, ߤ is a set of undirected country-pair fixed effects that captures all the time-invariant determinants of trade costs and addresses the endogeneity in the formation of PTAs (Baier and Bergstrand, 2007) . To account for the presence of zeroes in trade flows, we estimate equation (1) using the Poisson pseudo maximum-likelihood (PPML) estimator proposed by Santos Silva and Tenreyro (2006) .
We analyze the effect of deep agreements on different types of trade. First, using data from WIOD, we define ‫݁݀ܽݎܶ‬ ௧ as the total exports of goods and services from i to j. Second, we estimate equation (1) for export of goods and services separately to allow for heterogeneous effects of depth. Finally, we use the decomposition of gross trade into value added components proposed by Wang et al. (2016) to measure the effect of deep PTAs on GVC-related trade.
The ‫‪ℎ‬ݐ݁ܦ‬ ௧ variable comes from the content of PTAs data set constructed by Hofmann et al. (2016) and is defined as the count of legally enforceable provisions included in each agreement. To identify the effect of depth on exports, we include country-pair fixed effects and exploit the within country-pair variation, while controlling for any country-year shocks. The coefficient ߚ ଵ in equation (1) captures the effect of signing the deepest agreement in the sample. 8 While the coefficient of the interaction term ߚ ଶ tests if the UK's exports or imports are more or less sensitive to deep agreements than other countries. A positive (negative) and significant coefficient implies that for the same level of depth the UK exported or imported relatively more (less) than the average country in the sample. Both coefficients capture the average effect of depth after the agreements enter into force and assume linear effects on trade, with a percentage point increase in depth having similar effects for deep and shallow agreements.
Two caveats need to be kept in mind. First, the model assumes that the marginal effect of an additional provision is the same regardless of what type of provision is included. It is well possible that provisions in deep trade agreements have a different impact depending on how relevant they are for trade. Provisions on standards, investment or competition are likely to have a larger impact on trade than provisions that do not pertain to trade or economic cooperation (e.g. statistics, cultural cooperation). Second, we expect the short-run impact to be smaller than in the longer term, because it takes time for trade flows to respond to changes in trade costs (Johnson and Noguera, 2014; Baier and Bergstrand, 2007) .
a. Goods and services trade
We begin our investigation from a more conventional analysis of gross trade flows. The first 3 columns of Table 4 report the PPML estimates of our baseline regressions of depth on gross trade. The gravity equation is augmented with the interaction of depth with a dummy that identifies observations for the UK as importer or exporter. The results in column 1 suggest that country pairs that signed the deepest PTA increased their total bilateral trade by 42 percent. The UK was not affected more than the average since the coefficient of the interaction is not significantly different from zero. In other words, the depth of UK trade agreements with the other EU members and with other partners with which the EU had signed PTAs increased UK trade by 42 percent -not differently from other countries.
The data in WIOD allow to split total trade into trade in goods and trade in services. Columns 2 and 3 report the coefficients of depth and the interaction with the UK dummy for goods and services respectively. Depth seems to have a much stronger average effect on trade in goods than trade in services. Signing the deepest PTA increases members' trade in goods by 69 percent and trade in services by 20 percent. The larger effect for trade in goods could be explained by GVC trade, in which intermediate goods cross the borders many times before they are assembled into final products. We come back to the link between deep PTAs and GVCs in the next subsection. The interaction with the dummy UK reveals an interesting result. While the depth of the UK's trade agreements did not increase trade in goods more than the average country, it strongly increased trade in services. The UK more than doubled its trade in services as a result of its EU membership and its participation in deep PTAs signed by the EU with third countries.
So far, the analysis has not distinguished the gains for the UK as an importer or an exporter. The second three columns of Table 4 explore if the UK was affected by deep PTAs depending on being an importer or an exporter. We split the dummy UK into two variables that identify if the UK is an importer or an exporter and we include in the regression the interactions of these dummies with depth. Columns 4 and 5 show that the depth did not increase UK imports and exports of goods more than the average country. Column 6 instead, shows that the UK both imported and exported more services than the average after signing deep agreements. The comparison of the coefficients of the two interaction terms suggests that the UK's services exports increased more than its imports. The estimator is PPML. All specifications include bilateral fixed effects and country-time fixed effects. Robust standard errors, clustered by country-pair, are in parentheses. *** p<0.01, ** p<0.05, * p<0.1
Where did the gains from deep PTAs for the UK come from? Did deep PTAs increase trade with the original members of the EU or the new members? In order to address these questions, we add additional interaction terms to equation 1. The interaction of depth with UK exporter dummy is further interacted with a dummy equal to one if the partner is one of the founding EU members (Belgium, France, Germany, Italy, Luxemburg and the Netherlands). The coefficient of the triple interaction tests for differences between the UK's exports to the original and newer EU members as depth increases. A positive coefficient would suggest that the UK exported disproportionally more to the founding EU members as the EU agreement deepened. Similarly, we also add the triple interaction of depth with the UK importer and the original EU importer dummies. The results in columns 8 and 9 suggest that the deepening of the EU was particularly important for exports of services directed to the original members that in turn exported relatively more goods to the UK.
b. GVC trade
A body of economic literature suggests that the rise of deep agreements and the increasing importance of GVCs are tightly related. Intuitively, the unbundling of stages of production across borders creates new forms of cross-border policy spillovers and time-consistency problems. This, in turn, generates a demand for deeper forms of integration as certain national policies need to be disciplined in PTAs for GVCs to operate smoothly. Lawrence (1996) , Baldwin (2010) and WTO (2011) are some of the first studies that look at how deep PTAs are related to GVCs from an informal theoretical perspective. A first formal model of how GVCs affect the design of trade agreements is presented in Antras and Staiger (2012) . More recently, a number of studies have also provided empirical evidence of such relationship (Orefice and Rocha, 2014; Johnson and Noguera, 2014; Osnago, Rocha and Ruta, 2015) .
Here we build on Osnago et al. (2016) and estimate the specific effect of deep PTAs on different measures of trade in value added for the UK. We estimate the gravity equation (1) for four left hand side variables of trade in value added with country-pair, importer-year and exporter-year fixed effects. From WIOD, we use the decomposition of gross exports in value added components by Wang et al. (2016) to measure the domestic value added of exports (i.e. the total value produced in the exporting country), intermediates value added (i.e. the value of all intermediate goods created in the exporting country), reexported value added (i.e. the value produced in the exporting country that is processed by the importing country and re-exported to third countries or to the source country) and foreign value added (i.e. the total value produced by foreign countries included in exports).
As before, the coefficient of depth is the average effect of signing the deepest PTA in our sample. The interaction of depth with dummies identifying the UK tells whether the UK increased GVC-trade more or less than the average country by signing deep PTAs. The PPML estimates of the gravity equation are reported in Table 5 . Odd columns are results for the UK independently of it being an importer or an exporter; even columns instead distinguish the additional effect of deep PTAs for the UK as exporter and importer. The comparison of the effects of depth on domestic value added with the effects of depth on intermediates value added sheds light on the importance of forward linkages in GVCs for the UK. The interaction term of depth with UK for foreign value added exports identifies the impact of EU membership on the UK's backward linkages in GVCs.
The domestic value added in gross exports increased on average by 14 percent for the country-pairs that signed the deepest PTA. The effect for the UK is larger by an additional 21 percent. Splitting the UK dummy into importer and exporter suggests that the effect of deep PTA increased both the UK's value added imports and exports. Deep PTAs are also found to have a positive effect on intermediates value added. Signing the deepest PTA increased domestic intermediates value added by 14 percent on average and by an additional 17 percent for the UK. The close similarity of these coefficients with those for domestic value added and the fact that intermediates represent around two-thirds of UK's value added in exports ( Figure 6 ) suggest that deep agreements increased the relative importance of value added of intermediate goods with PTA members. In other words, the depth of the UK's trade agreements with the EU and with the third-countries the EU had signed PTAs largely contributed to the UK's forward integration into GVCs.
The estimates for re-exported value added and foreign value added shed more light on the structure of UK GVCs. Comparing the coefficient of the interaction term in column 3 with that in column 5 indicates that the additional increase in domestic intermediate value added for the UK is driven by the value of intermediates that are directly absorbed by the importer. In fact, the left hand side variable of columns 5 and 6 is a subset of on the variable in columns 3 and 4 since it includes only the value of intermediates that are re-exported by the importer to third countries or returned home. Deep PTAs increased the foreign value added content of UK exports by 37 percent. 9 Column 8 shows that depth had an additional effect on both the foreign content of UK exports and imports. This result suggests that the UK used more foreign inputs to produce its exports after signing deeper PTAs and, at the same time, also countries that export to the UK increased foreign value added in their exports to the UK. The estimator is PPML. All specifications include bilateral fixed effects and country-time fixed effects. Robust standard errors, clustered by country-pair, are in parentheses. *** p<0.01, ** p<0.05, * p<0. 1 9 The results in the last columns of the table suggest that on average deep PTAs did not increase foreign value added in gross exports. This may be due to the fact that in our data we do not know the origin of foreign value added in the bilateral relationship.
Possible future scenarios
In this section we use the estimates of our econometric analysis to investigate the future of UK-EU trade relations after Brexit. Once Britain invokes Article 50 it has two years to negotiate a withdrawal agreement from the EU (unless a unanimous decision of all remaining members is reached to extend the period). Given the high uncertainty about the future of the UK-EU trade relationship, we evaluate the results of the empirical analysis assuming several post-Brexit scenarios, characterized by different degrees of depth. In the first case, we assume that the negotiations lead to the UK signing an agreement similar to the one in force between the EU and Norway, while the least optimistic scenario evaluates the trade impact of the outcome being no agreement between the UK and EU.
In the "Norway" scenario, we assume that the UK bargains an agreement with the EU as deep as the EEA, which covers 36 policy areas. This agreement would allow the UK to be part of the European Single Market and to retain the "four freedoms": free movement of goods, capital, services and people. In addition, the UK would have to comply with competition and state aid rules and horizontal areas related to the four freedoms without being able to influence them. Based on estimates from the empirical analysis, this scenario would lead to a 12 percent decrease in gross exports of goods from the UK to the EU (see Table 6 ). 10 While the estimates for services and domestic value added suggest decreases of 16 percent and 6 percent in exports respectively. Forward and backward GVC participation would decline by 5 and7 percent respectively. These results need to be interpreted with caution. Since, as discussed in Section 3, we do not identify the impact of the inclusion of specific provisions and assume the marginal effect on trade to be log-linear, the model may be over-estimating the trade effect of the "Norway" scenario.
The "average PTA" scenario assumes an agreement between the UK and the EU with a depth equal to the average depth of EU's agreements with non-member countries. By looking at the agreements that the EU signed in the past, we would expect the new agreement to include around 14 provisions. Agreements with this depth guarantee market access for goods and, to some extent, services but do not usually go beyond areas that are not covered by the WTO (i.e. WTO-X areas) other than competition policy and investment. Estimates suggest that the sharp drop in the agreement's depth between the UK and the rest of the EU would lead to a 38 percent drop in gross exports of goods, 26 percentage points more than in the "Norway" scenario. The largest decrease would be for exports of services that are estimated to fall by 48 percent. Intermediates value added exports are predicted to drop by 18 percent, almost four times the drop of the "Norway" scenario. The sharp reduction in intermediates and foreign value added trade (25 percent) implies that the UK would participate substantially less in international production networks.
In the "no-agreement" scenario, the UK and the EU do not sign any preferential agreement. In this case the variable depth would drop to zero, meaning that areas such as investment, competition policy and movements of capital (just to name key ones) would no longer be regulated by the agreement and the UK would have to pay Most Favored Nation (MFN) tariffs to access the EU market. In this scenario, gross trade in goods from the UK to EU countries would be halved, while export of value added would be 10 Since the depth variable is normalized to be equal to 1 when the value of depth is 41, the maximum depth in our sample, we use the following formula to calculate the percentage change reduced by 28 percent. According to the estimates, services exports would fall by 62 percent, which implies a 14 and 46 percentage points drops with respect to the intermediate and "Norway" scenarios.
Intermediates value added exports would decrease by about a quarter and foreign value added in the UK's exports would decrease by one-third.
To better understand these magnitudes, we use the 2011 data from WIOD to obtain the dollar equivalent of the losses for the three different scenarios. It should be noted that these back-of-theenvelope calculations account for the partial effects and do not have general equilibrium or welfare implications since they do not account for possible re-direction of exports to non-EU countries (i.e. trade diversion and deflection), price adjustments or changes in wages. Although the largest percentage changes are for service exports, in terms of dollar equivalents we find that export of goods would decrease the most in all three scenarios. The "Norway" case, in which the UK signs an agreement similar to the EEA, suggests that export of goods would decrease by $27.447 billion, while services and value added exports would drop by $19.906 billion and $16.445 billion respectively. To put these numbers in perspective, the impact on total (goods and services) trade is equal to 1.83 percent of the UK's GDP and 0.63 percent for value added exports. In the worst case scenario, we find that goods exports would decrease by $114.363 billion, which is equivalent to 4.41 percent of the UK's GDP. 11 For services and value added exports, the values are lower, around $78 billion each, which accounts for 3 percent of GDP. Notes: Depth decreases from 44 to 36 in the "Norway" scenario, to 14 in the "average PTA", and to 0 in the "no-agreement" scenario. Calculations are based on estimates in Table 3 , column 5 for goods and column 6 for services trade, while results for value added trade use estimates from column 2 in Table 5 We compare our results with estimates from earlier studies that either use a different approach or use different data. Baier et al. (2008) adopt a methodology similar to ours based on a gravity model to identify the effect of various agreements, among which are the EU and the EEA, using PTA specific dummy variables. Their estimates suggest that if the UK were to exit the EU and sign the EEA, its gross exports of goods would fall by 25 percent. 12 One possible explanation for the difference in effects is that in our database the EEA is one of the deepest agreements, as it covers 36 policy areas. Instead, Baier et al. (2008) capture the trade impact of the EEA as the average effect of the trade agreement between the European Economic Community and the EFTA countries, signed in 1973, and the EEA of 1994. 13 A more recent study by Dhingra et al. (2016) , based on a general equilibrium trade model à la Costinot and Rodriguez-Clare (2013) , finds that the losses associated with Brexit range between 1.28 percent and 2.61 percent of GDP. Combining our reduced form results and estimates on the elasticity of income to trade in goods by Feyrer (2009) , we find that Brexit would imply larger impacts on the UK's income: a decrease by 3 percent in the "Norway" scenario and by 13 percent in the no-agreement case. A possible interpretation of the difference is that the reduced form estimates deliver a higher impact because they capture both the dynamic and static effects, while the structural model only accounts for static effects due to the increase in trade barriers (Dhingra et al., 2016) . 14 Our focus is on UK-EU trade relations, but Brexit will also impact trade relations the UK has with countries that have singed a PTA with the EU. What would be the trade effect if Brexit also implied the exit of the UK from all the EU's PTAs? The average number of provisions included in these agreements is around 14. The group of the UK's non-EU PTA partners account for 14 percent of the UK's total export of goods, of which the most important partners are Switzerland, South Africa, Turkey and Norway that together account for 11 percent of exports. 15 By exiting all the non-EU PTAs, the UK would decrease its exports to these countries by 17 percent, equivalent to $12.212 billion. Obviously, the UK could renegotiate these agreements seeking deeper integration or decide to pursue deep trade agreements with other important trade partners such as the US, Canada and China.
Conclusions
This paper studies the role of deep trade agreements in UK-EU trade relations. We first look at the impact that membership of the EU had on trade of the UK with its partners and then use this information to predict future trade relations based on different scenarios. We find that EU membership had a strong impact on UK-EU trade and that it contributed particularly to the rise of UK services exports and its integration in global value chains. While there is substantial uncertainty on the content of a future agreement between the UK and the rest of the EU, our scenario analysis indicates that there is a clear trade-off between the depth of such agreement and the intensity of future UK-EU trade. In particular, a shallower agreement will have a stronger negative impact on the UK's services trade and GVC integration, which have relied more on the deep arrangements of the EU.
A number of questions remain open. First, the analysis does not account for the possibility that the UK after Brexit may choose to sign new trade agreements with other trade partners and for the EU to continue its process of "ever closer union" by further deepening its integration. Both scenarios would impact future UK-EU trade relations going forward in ways that are difficult to predict, as the effects will depend on the specific content of these agreements. But the trade-off between PTA depth and trade intensity uncovered in this analysis will still likely delimit future policy choices. Policy makers can either choose to undertake more binding commitments in deep agreements that support more trade or opt for weaker commitments and less trade. Second, while our focus here has been on the complementarity between deep trade institutions and trade flows, it could be argued that a high level of trade integration requires some form of political integration for its legitimacy and long-run sustainability. Indeed, this complementarity between economic and political integration has been at the core of the European project (Padoa-Schioppa, 1999) . In light of this, deeper forms of agreements may be difficult to pursue outside the Union.
